as a for facts and opinions ; advanced i in any 


AND EXPE 


“By W. Roper ts, C. E. “Member of ‘the 


My first acquaint: with railroad ‘inclined pla anes began in Penn- 

sylvani: a, at Manch Cc hunk, on ‘the J tiver Lehigh, in the spring of 18 i 


wh ither I had be en se sent by Canvass ass W hite, chief el ngineer , as a young 


aosiata ant to go upon the survey and construc tion of the Lehigh Canal. 


At that time Josiah W hite, of Philade Iphia 1, was the sities manager of 


the Le high Coal ; and N ‘avigation Company, and all the e extensive works in 
around Mauch Chunk were under his special charge. _ Erskine 
ward, bis former and one of the most ac tive of the 

pany, had previously, » in n 1826, visited Europe and examined the 

operons in ngland and Ww Vales, and had also taken, note of the 


= in ‘England. 
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home for three ye years, 3 bibs take occasion to record that Mr. White w 


one of the most remarkable men of that period. His natural ingenuity 
was alm st marvelous; which, joined to intelligent foresight and the most 


verance, enabled him to overeome engineering 

"difficulties almost as quickly as as they wereencountered. 


’ At the he period o} of my arrival j in Ms auc ‘+h Chunk Mr. White was — 


in changing the sy stem, of ‘transporting coal from the summit of the 


Broad-Top Mo Mountain (from the 60 feet thick bed o 


tuting a a railroad for he turnpike. . Thet tur npike e w vas an n admin 


ae and s so W well graded that a large | portion of it wa: as s used. for the bed 


: of tl the railroad then | being laid. It was a gravity railroad, having a gauge 


3 feet 6 inches anda a length of mile It terminated at the head of 


the ine clined plane at Mauch Chunk, , which was was then i in use for letting © 
down: coal te to the ‘‘arks,” in which it was conveyed by the then ‘existing - 


oa doneanding navigation on the Te high and Delaware rivers to the City wil 
On Lehigh, Messrs. White and Hazard had constructed 
cial navigation, consisting of of dams and m movi ‘able gates, and 


he “ ‘arks” > were sluiced from pool to pool for 47 miles, to Easton, on 


the Delaware, 


— While v waiting for others of our engineer Corps to arrive, and at in- 
tervals Le saw much of this first Amerie: coal and | passe nger 


railroad laid anetes and rode upon the first ps passenger train of ve very small 
paid atte ntion to the work- 


t my notes 


1827, can now only refer to them in a way 


The pk me had an elevation of about 200 feet. It 


was quite steep, especially at the ends, but flatter near the middle, con- 
forming n measurably to the slope of the irregular side hill. 7 Its ts length | 


was, I think, about three or four times its height. ee It had a donble track 


passing for the cars near the a single ees at eac che end, 


turned a large drum a at he of plane, around w shich 


was wound which pulled up the empty | car, the 1 motion ‘being regulated 


4 Having been personally familiar with the operations of these gentle. 
men during the years 1827-28 and °29, and well acquainted with Josiah 
White who then resided at Maych Chunk which was my engineering 

— anthracite coal) by 
— 
> 
— 
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é During the summer or fall of 1827 


inclined plane, upon a novel } 


ye, and was worked by water power obtained from which 


“flow ed through the narrow valley near its foot. track itself was 
‘ordin ry 3 feet 6 inch gauge ; but between the rails there were three 


movi able w wooden n stringe the whole length ‘of the ; plane, having g upon 


their ‘upper faces an iron rac These mov: able bars were geare ad to the 


ter wheel so that they worked kan 
re at ch 


: touched and pressed 
on es movable burs. WwW hen the water-wheel was set in motion, the ¢ car 


vard 


ather jerking manner the up  upwa move- 


was pushed up the plane, in 


ment of each of the three bars progging the car am he I assisted in 
some of the nts made with that “liar inclined plane. 


It certainly did fairly propel loaded cars up t the pl me; ; but the 1e principle : 
was not aa ward applied at any time in the 1 regular 1 business of the 

company. All the old and planes wh ich existe at and near 


», the period referre have long been 


superseded by modern tr et of standard or 4 feet 8) inch gauge for y 


locomotives, and i improved inclined grav ity and switeh-backs 
of the pi resent | era, whi ich c co 


region In 1827 the of f the U nited States and 


> 
th 1831 I was appointed senior prit incipal | assistant engineer under m my 


friend and prec eptor, Sylvester Welch, chief engineer on the Allegheny j 
Portage R: silroad i in Pennsylvania. The other principal assist unts W ere 


lifelong, fri friends, Solomon W. Roberts and Edward Miller, the latter 


since doce: sed, after a w rell-spent life. a In the spring of that season I : 

_ survey ed and located eight of the ten inclined planes, and afterw ard 

; Daeg their construe tion, namely, Nos. ! 3,4 and 5 5 on the western, 


9 and 10 on the eastern slope of the Allegheny Mountain. 
Roberts, who bad of half of the 


, the two _aeee on 1 that division ; ; which division included the first rail- 


road tunnel i in the U nited States. | Mr, Edward Miller’ s duties began a 
later, and they in the main “office with, Mr. W: elch, 


— 

. White constructed another a 
— 

al 
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except No. 9, which was 7} eae The longest, , No. 8, being 3, 6 


¢ feet (ine luding a very short curve at the top, and a curve 200 ) feet long at 


q the bottom). eek Tt had a total rise of 308 fee t, the straight portion hay- 
ing arise of 10} feet per 100, or or an angle o of 5° 51 9 9". The old Phila- 
-delphia and Pittsburgh turnpike, which eros ossed the mountain, in sight, 
pit 
establishing the inclination of the steepest pl ine on the railroad, that it 
_ Should be flatter than the turnpike grade, and the fact was stated in our q 


published reports following, for r the information of the Leg: 
the pu public. Ay At that day there was a dread i in the ] pub lie mind in 1 regard pe 


to inclined flames, 


and close by, had upon it grades of six degr es, and I made it a point, im ~@ 


Carbondale and Honesilale Railroad in Northeastern I both 


en new, and mé ade ‘notes. and awings to aid in the studies. of. 
the det tails of our mountain inclines. Mr. Archbald* w was then chief 
and manager of the arbondale and Honest: le Railroad, upon 
whieh the inclin ed planes, with stationary eng engine nes at the head, had 


cently been mt in o peration. 


“ell Sev reral plans were proposed for wor king the planes ; ; the one adopted | 


double track railr Land | an -endles: Ss De, worked by 


stationary engine the head of the plan ine. 


No survey had been orde red by the St for a graded ul with- 


out planes s (ov ver the ‘the mountain. | There had been, how ever, a survey made 


across the Allegheny Mountain, Holliday sburg and 


a distance of about 3 37 miles, i in 1826, having partly in view a low. 


gla nd. Ge orge T. Olmstead, under ‘Canvass Wi 


_macadamized road—the **macads amized road being then a new thing 


gineer, had charge of the survey ; ; John Young, of New Ww York ‘State, 
yas one of the le levelers ; F. H. Petrie, of Portland, ‘Maine, was — 
was ; 


res 
at ford and W. M iin nor Robe w ere the rodmen, 


Pern mit me i his ; place e to me 
Holgate 1 a in 1824, for a continuous through the 


they } roposed a miles n 


— 
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he 
‘tunnel a a wna st of ridicule, and the canal project through the 


Yet "Clarke and Holgate like 
other bold projectors, merely in advance of t the he age. ats 


x The real impediment now, as ad was then, is the fact that the ‘canal 


would be frozen up, in this latitude. during at least one-third of the 


‘There is: also another very y important obstacle, the large amot unt 


In ae St: ite of P ennsylvania, a canal “system, m, in pre ference to a rail- 7 


road system, had been ¢ de liberately adopted i in the he Legislative Sess sion of : 

1825 9-26, ond Canvass w hite, hen Chief Engineer of the U inion Canal,* 

andy prior to that one of the e: arliest engineers of the New York Erie 


Canal » Was” appointed to make the surveys: between the Susquehanna 


ai er, at Dune: an 's Island, above Hi: arrisburg, to the Ohio River, at Pitts-— 
burgh, by w ay rot the Juni ste river on the eastern side of the Alleghenies, : 


and on the western sid via the Conemi augh and Kiskiminitis Yr 


the Alleghe ny, and down thi a river to its junction with the Mononga- 


hela at the head of the Ohio, « at Pittsburgh gh. te 

canals were begun in 1826 and 1 $27, but nothir nothing was” 


= 
ded as to the mode of crossing the mountain for sev eral veral years. 4 


Ibn 1829 p eliminary surveys were authorized by the Legislature, 


and were made under the direction Moneure Robinson for a rail- 


road over the mounteln, with lined planes, betwee the terminal 


points of the canals—Hollida Ly ysburg on the eastern ‘and Johnstow n on 


18: 30 another of of was mi ade under the direction of Col. 
a1 H. U. S. A., and Major JohnW ilson—the latter was 
i ilroad between Philadelphia and Co- 


indicated the employment of eleven’ inclined | planes. 


8 proposed several curved planes ; but Mr. Robinson favored 
straight planes, even although some of ‘them: might consider 


“After a partial eXi umination of the ger in: 331, ted that 


it might be practicable to locate the line with five inclines on each side 
of the summit, all straight (dispensing with one plane), ‘and Mr. Welcl 2 
* The Union Canal of Pennsylvania, 81 miles extends on the 


the rive vat 


r. Robinson, who is ‘still living, was one of the earliest members of this Society. — 


‘ 
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instructed me to so locate them, if the cost should not prove too great. 
By the « employ me nt of short levels between Nos. 6 anc , and 7 and 


and “making plane No. onsider: longer r than 
the loc: ation with ten 


‘ 4 inste: ad of ‘eleven i inclines, soni of them straight, 9 vas ‘finally e effec ted. Nee 
early period in railroad: ossing of the Allegheny Mountain 
was regarded as quite formidable. Hoa the Legisl: ature authorized sur- 
_yeys to determine whether a regul: arly g grade d road throughout or an in- : 


Should: be | adopted, i it is is possible | that a ron 


the maximum inclination of 10; feet per 1 100 feet ‘. 


ned plane 
inclined | pl mes might 1 nev er hay been there ; but nt the ¢ general plan 


as already intim: ated, "settled by the Legislature, in advanee, 


would have | been only about ten miles longe 


grade of feet per or about 47 instead of 37 miles 
It was not however, certain, when the Allegheny Portage Railroad 2 


Was located (in 18: 31), that locomotives would be used upon it. J 


: very can careful surveys at my earnest solicit: ition, a grade of 5 523, feet per 
_ mile for about three miles, on a straight track, below - plane No 10, : 
dlopted, in lien of aline with numeroms curves on a of 12 feet 
r mile. a To bring the grade down to 525 t, I had to it, at the 
t of the ten feet below the bed of the creek, yut 2 enlve ert for. 


the i ine ‘lined | plane. and excavate an entirely new creek 


ble distance. It answered perfec ‘tly. 
that period there Was a ge eral impression among English ¢ en- 


gineers, assented to readily by our still less experienced American 


- engineers, » that locomotives could do very little work on grades above 


— thirty feet p per er mile. There were then inclines of only 50 feet per mile { 


ine England worked with ropes and stationary mae ‘hiner ry. ‘Thirty feet 
per mile was the maximum by Major W Wilson, * the ‘Pennsy!- 


er. Ww 


State Chief ngineer 


> 


‘planes, one near Phil: adclphia, the Se Inclined Plane 
the other at called the 1 Plane.’ The; v 


ee, plane was over net a mile 


( feet) ‘The Columbia plane was consider ‘ably less oe 900 fect, w with a rise 


1 inclinations of about 7 feet pore r one 


The father of W. Hasell Wilson, 


— a 
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PHhiaceiphia and olumbia, 82 miles. Columbia is a town on the 
- = _ Susquehanna river, 12 miles west of Lancaster. The adoption of a 
4 hundred feet rise. The Schuyl- 


f 10° 
“Gap,” east 


of Tancaster, prov to so dificult “costly, on account of quick 


‘The: continuation of this. State railroad to 
, 37 mile was: loe cated by me as Chief Er ngineer in 1835 for the 
Ti adopted a a maximum of 0.75, or 39,4, feet per mile, which w 
strict ‘tly adhered to in passing the summit, near Elizabethtown, Lan- 
aster County. Some years afterward, when the Pe Railroad 
~ Company became the purchaser | of the State improvements, they ey leased 
‘ ninety-nine years this Harrisburg and Lancaster line, and it now con- 
stitutes a link of their. main line P hiladelphin and Pittsburgh. 
: In the session of 1847-48, the ‘Legislature of Pennsylvan ania a appointed — 
; a the engineer to survey and report upon a route for avoiding the 


Inclined Plane. the time o of this ial appointment 


was engaged in building the Sandy and Be eaver iver C anal, in the State of ¢ Ohio, 


whieh was nearly comple ted. During the summer and fall of 1848 I 
“made: the survey and report open the avoidance of | this ine cline d plane, 


+ and recommended substantially the line upon whic h the new road (now | a 


part of the Pennaylvanis Railroad) wa s soon after constructed.* 
vised the sale of about t three miles ol ‘the ola railroad betwee nthe in- 


clined plane and ea 


2 Company, which was made. 7 [ also advised the pure ie by the State ol 


a large lot of ground on the Ww ont side of the Schuy Ikill river for termi- 


nal purposes ; for this I I x was sharply rm) 


assumption that large ¢ an area needed. In those 
s they did not build terminal stations and round- houses, ete., the 
acre, Tt) It would hardly ans ow to » confine the Philadelphia terminus — 
would PRIA 


the ‘Pennsylvania Ri: uilrow ul to -five acres. - 
To return from | this pextis al digression to the Alleghe ny “Mountain In- 


cline dP ‘lanes im the Mountain Railroad was finished, and a train of ¢ cars, — 


tet drawn by eniieiin on the le levels, was passed over all the ‘planes on the 
_ *Itmay be here mentioned that the Columbia Inclined Plane was also avoided about the 
ms _ same time upon a route surveyed by W. H. Huffnagel, C. F., Assistant, so that about 1850 the 7 
“State Railroad between Philadelphia and Columbia was freed from inclined planes and left_ 
‘with maximum grade of 45 feet per mile, and a general limit of 30feetpermile, | 


4 


Broad street, P hiladelphia, to the I ading Railroad — — 


: 7 of 90 feet). The intermediate line, about 78 miles, was located with the ii 

maximum grade of 30 feet per mile, and with numerous ¢ 
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21st of November, 1833. 
delp hia had g gone vestwar 


to give them ma pioneer ride over the Mountain Railroad on their return. 

worked vy very hard, and barely accomplished it, » much to their gratifi- 


— — 
= ‘cation. The | train of ‘new freight cars had been put upon \ the road by 


4 David Leech. 7 They - sta rted in n the morning | from Johnstow n, and about 
q fon eae that night, in n the midst of a snow stor m, our friends, after 


a The ad and ‘ani als with which it “were m closed 


for the season. in & the spri ing of 1834 the Portage railroad: 


regularly “open opened the public.” as so liter rally for 

3 any persons who chose could dl put cars on | the track, and haul them, with 


als their own horses, from either endl to the foot of the first plane, and on 
the levels betw een the pli Mes ; ; the State me transporting the cars up 


~ and down the _ inclines, by n means of the statior mary engines at the head. 


This syste m, as the number of cars and of persons using the road > 


creased, soon became ‘exceedingly troublesome. I had the general 
charge an and d managem ment of the running of the road, and of the inspec- : 


tion, weighing, numbering and registering the cars s during the se 


of 1834, as well as the gene ral saertamiies e of the w nia of the te 


the 
inclined planes; so so that I was almos ost const: antly roa 


_At the same time, the State determined, a second 


kw was hoing laia throughout the entire 37 miles, excepting upon 


= planes, Wire the the track had been laid double i in the first instance. This 


work, whic was an arduous duty, was the chi of 


W. Roberts, P rincipal Engineer. A large number of ‘caste 


iron chairs: were required for ‘this road. ‘The weighed from 13 to 14 
each. ‘he rail (exe epting on the pla :, where w oode 


and flat bars were laid), was of the ‘ ‘ edge” pattern, weighing: 39 Ib 
per yard. led to” my d duties of that season was that of superinte nding: 


the ture of the iron chai and the de liv ery and acc eptane 


of the chairs and rails, ete. The w ork of assistant engineers in those 
days” was only limited by their capacity. In the first track, 


-Stone-bloc 2 foot square and 1 1 foot thick w ere bedde: lon broker n stone 


laid 1 foot deep, the blocks set at intervals o of one yard from centre to 


- * During the season 1 of 1834, I had the pleasure to « escort M. de Chevalier, of France, in 


company with Moncure Robinson, over the road. I also escorted General Bernard and his — 
3 at another time. Generel Bernard said to me that the Railroad was 


mmittee of the Board of Trade of Philae 

BS 
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locust inches: in. diester into poe 


inches deep, pre viously drilled in the stone- bloc ‘The rails were 


place by wrought-i! iron we wedges. 


In the sec ond trac ‘k, ce some places, stone cross ties 7 feet long wer 


laid, at intervals of one yard from centre to contee, in ow of the two - 


-separat rate blecks used in the first tr: ack. This, being bedded on a a foot i 


a “depth of broken stone, ‘made, as may be im: agined, not ¢ only a solid, but 


a too rigid ‘road. Ttr may as well here be stated that in a few y years these 


stone supports were superse: led | by wooden cross- ties, 
deliv of a lenge portion of the materials along the 1 line for the 


‘ond track, and for the duplicate s sti tionary engines at the e planes, 
added to the daily ine ere asing general transportation of freight and pas- 


sengers on the ange trac k, demanded almost constant atte nndance on the ; 


line, as questions daily arose, in the use of the road by various inde pend- 
ent parties, which I was daily catled upon to to settle bie The “ tele aph’ 
was not yot bors n; ; and railroad expe - nee was till a thing i in n embryo. 


isi 


oading | of the present day had not then a an existen ice 


‘either the ‘* General Mana ger" nor the ‘* Receiver,” 


7 


had yet bee n inve ented, 


‘The machinery which | worked the mes was simple. 


in diameter (See 


at the head of. the thence, on 


, set in the mick le of the tracks, to the foot, and around a movable, 


smaller horizontal ed whe rel be ied the foot of the } lane. The lower 


ow wheel v was ‘atte ache d to a carriage, so that w hen nee ‘cessary, the slack « of the 


vate from | stretching, was readily taken up. The stationary engines had 
lers, of sizes pooportions’ to the particular plane. 7 The - 


were ¢ from. thirty to forty honse- power each. There were re 


tems of brakes fo estraining the velocity of the rope and stopping 't 


attached cars at pleasure ; the ordinary iron-band Arietion- brake 


the other, a a water cylinder, havi ig are regulating x valve, whic h, ¥ when mn partly 


closed, checked the speed in aaeines to the space le ft open for the water — 4 
to rush through, which, whe n close d, stopped all in 


times let a train (of four four-wheeled down na by the water- 


~ 

+) 

— 
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loaded train to bring wp cars on the opposite track by their gravity, reg- 4 micas 

— 


vulating the motion without the aid steam, by the water- brake. the 


were high pressure, and were » built ut Pittsburgh ‘and Blairsy 


"during the y year, answered toler we well.’ 


> The freight ¢ cars were all four- -W heeled, snlablag from three to | three 


and a half net tons each, or six thousand tosev en thousand | pounds. ‘The 


op passenger cars first used were of the primitive formation, designed and 


put upon the road | by Mr. Lot Dixon, one of my assistant engineers. 


They ‘seated comfortably twenty-five persons inside, and, like the interior 


of a modern street car, accommodated an indefinite number outside 
We: frequently “ “put the passenger cars through” ‘over the BT “miles, in- 
= ’ cluding tl the passage of the ten inclined planes, | in shin: five hours, and — 


sometimes, under the 1 most: favorable ¢ ircumstances, yin four hours. The 


ordinary running time dep pended somewhat u upon n the extent of the delay s 
by accumulations | of freight cars. U pon oceasion, , late 


he « season, I car ried the oremuten of the road, at Plane No. 10, when the 
onary enyine was ont ‘of order, , by means s of one of William Norris” 
romotives, which weighed, [ think, about twelve tons, by: running it 


\ empty “P the plane, and then attaching it to the endless rope on the | 
nding trac k, putting on steam, and thus pulling | up a train on the 


ascending track ‘k ; then, detaching the locomotive e at the foot of the plane, 


and. again running it up. The same a simil: loe omotive was run, by 


own s steam, | up all the planes, including the stec] pest on the: road, i 


‘namely, 10; fee et per 100 (! O41 feet per mile) for ; 3,100 feet of length, the 


being 308 The of Plane No. 10 was 


per 100, or | ‘or 436 feet per mile ; its. length a ‘a little less” than half a 


5 feet). At the time the locomotive was run up the grade of 541 


per mile, my opinion was that for a locomotive of that construction | 


with two driver rs), 10} feet per hundred was near the limit at whic’: it 


-couk 1 be run mm up| by its own n steam power with only its own adhesion. — 
— he grades on the socalled ‘ “levels ree tween thei inc lined pl nes were 


light, generally 0 40 p per 100 feet, or 21.12 feet per mile. 


the pla mes: the cars were attached (very quickly) to the main 


by: means of loose + stopper- iaieiipean to each « ‘ar ; the men speci: 
employed for this ‘duty soon acquired wonderful ‘dextotity in hitching 


- unhitching ; so that when there was no obstruction from secu P 


* A few years afterward, wire ropes, manufactured by my friend, John A. Roebling, C. 


a were substituted, and were found to be in the jong run safer and more economicai than ” ' 


SS ropes Wert 
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of ¢ cars: a train | of four cars was pews ‘Up or dow na vii with wy 
rally a defect tive 


led to the running away ‘of cars, in considerable 


The C Shief wngineer, Mr. h, suggested to 1 to me the employ- 


ment of a small f four- wheeled safety ear, hi aving a horizontal iron hon 
upon which the wheels of an ac ccidentally ‘detached car should be : stoppe: 


the car by its w reight on shoe suffice ient frie tion the rail a 


oly ‘two small ith a a bent high enough to. pass 


a accordingly ‘made the Arawin ings sand had o one ne built under 


my own ‘superintendence in Johnstown. n. It 1 was then tested ox on Plane 


No. 1 by allowing acar loaded with pig-iron to strike upon the shoes — 
- = a free ru mn n of some ne feet, when the car was at one e » safe ly stoy 


‘used, invarial ily i in of the dese and in rear of the 


T he ¢ general plan w as also copied and ed on the 
State inclined pk ines, at Columbia, and nea Philadelphia. 
from the breaking of the hitel hes or of the main mye were thus rendered ; oa 
comparatively hi har mless. 7 


There re was an ineldond at Plane No. 10, the lowe st on the eas aste m side 


- of the mountain, which may not be uninteresting, though it was only a 


ronblesome bore at the time. ‘The head - the pli me was a very dry 


ountain s spur, nearly two hundred feet above Blair’s Gap Run, : a moun _— 
tain stream flowing nearly parallel with the ‘spur upon 1 which the inclined kt 


plane was Dnilt. The g geological formation of the spur is a very compac t 


y slate r rock, pitching ‘into the hill at a an n angle of some thirty degrees 


Fl wing water could not be brought to this wane for the 


alf miles, the convey ance of w ater up the planet beco 


roublesome, awe vell w was sunk 


then a five-i 


dred feet, that i is, some feet the level of the without 


with a drop of w wate I then w urged the layi ing of wo ooden pipes (of) young 


hemloc k) fr from. a point on the cree k high enough - allow the e water to | 


flow by gravity to the head of the plane, a The chief enginee Y enero 
‘it and it was done immediately ; 


we well to be continue d, and it was continued te to ‘the de depth 
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nd eight feet w rithout - encounter 


we poured i in at the top to agsist t the drilling. mes It was then ‘n abandoned. 4 
it affor: goo od geological proof that the eo e ompact t sli ate continues to 
— that depth ; : . and also that there is such a thing as an absolute ly dr yw om 
nearly eight hundred fee deep.* 
36 and’ , being engaged i in basa buil ding of the ) Hesrisbeng 


nd Lancaster and the | Cumberland V alley Railroa Is, i in Eastern Penn 


-sylvania, Thad no dire connection with inclined planes, excepting th that, 


i, my frien n aw il ‘invited Sad to meet a number of 


gentlemen *n to witness a esiihinies pe erformance of one of his locomotives, 


namely, to take a passenger car (eight-w vheeled?), with fifty persons in 


up th Schuylkill Inclined Plane, at the 1 rate of ten miles 
‘The fi 


omotive uly as he had 


record of the perform: ance was printed in a quarto pamphlet at the ta, ~ 


but I have not seen it for a great many years, One of the passengers — 
an English officer, who (as Mr. Norris afterward told me), when he 
related the occurrence in E ngland, was not credited, the railroad 


's on the other having ales * ‘ided” ‘that the limit a 


ocomc 


comotive possibilities. sto pe ed very far short of fect t per mile : ‘Tise, 


ich was the gral ule of the ‘Schuylkill Plane. ‘he length of t this pla 


‘ris built several loc ves f for me, ‘to be 


* On the first of January, 1835, an exceptionally cold day, Lrode on horseback, in company 
th Chief Engineer Welch, from Johnstown to Blairsville, to meet James Clarke, President 
of the Board of Canal Commissioners, for the purpose of resigning my position on the Alle-— 
gheny Portage Ruilroad, and of bidding him farewell. a had no farther connection with that 
road till the winter of 1838-39, when the B vard of Canal Commissioners oc nrg me their : 


repair, h I did in winter of 1839, The wire-ropes put iu by Mr. Roebling 
were then in use, aud were considered more economical than the hempen ropes. The same_ 
rails whic h had been laid down in 1833 were stillin very — — and the business had sed : 


» 4 that I we et with Mr. Norris to Mr. Imlay’ 8 car - shop, on Bush Hill, Philadelphia, to examine — 
_ the first eizht-wueeled passenger car, as I understood. -— pronounced it just the thing for the — 
_ Columbia Railroad, which abounded in curves. Mr. Imlay remarked that I was the first civil — 
engineer who had said it would succeed, It was soon after placed upon the Columbit Railroad. — 
Thad the honor to have a simiiar car, which was placed on the road the same year, named — 
_ «after me by the authorities in charge of the road, without my knowledge or saying ati sia 
_ Jeave. Eight-wheeled passenger cars, in oom days, were regarded as grand affairs. — 
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ing any water, excepting what 
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Thadic1otts or humorous Maividtlal had greased the track, Which prevented 
test for been re- 
1 

— Mr. Wiliam No 

— 
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‘Valley Railroad, betv 


Chambersburg, Slo miles, which road was opened in 183 


the Nicholas Biddle, continued running until within a 


[think it ran thir ty-e eight years. Tt had only 


riv 

he 
After the Pennsylvania Railroad Company had built 


used the ‘Cumberland 


‘the Allegheny ny Mountai in, , only two miles north (at the summi t) of the o 
Allegheny I Portage Railroad, already described, with a ninety- five feet 
mile grade be tween Altoona and the summit, near Gallitzin, n, and 


= 
whe 1e on the ‘or ‘tage Roa ad, w ith its” ten ine ‘lined planes um 
Ww 


twenty years, I of ‘nnsy sylvania ted sur surveys to 


service of ‘the | State, mado. that reper it to the State. 


= 
‘authorities ; ; whereupon the Legislature eeppeinte ed, by name, Edward F 
‘ 
Gay, C. E Re Rober rt Faries, C. E., and $e lf, a commission to ex: ex amine, 


not only route, also the old Portage Railroad, and to report. 


the advisability re all or some the inclined planes, or, 


ave ent, on the eas eastern sre of ‘Lor 
: seventy, five feet per mile, and on ali western side of fifty- two and eight- »¢ 


te nths feet per mile ; and, at the 1 request of the other members, I wrote | 


d a, upon which the Legislature ordered the immediate 
_-eonstruction of the graded then 
under the ‘superintet nee 2 of Mr. F “aries. 
This new State railroad and the Pennsylvi ania Railroad 


summit of the mountain within about half a mile of th other 


miles east of the summit, occupying sides of a 


Ais 
n. Fe ow trav ‘elers who vie the beautiful 


ion were engaged in examining the questions sub. . 
mitt a to them, I receiv ed a ietter from my triend 4. Edgar Thomson, President of andl Penn-- = 


een Harrisburg ané 

| im 

— 

im 

i 

i 

a. 

ining, we were unanimously of opinion that it was better to abandonall 

3 | 

: 7 i 

a 

— 

_ eling the furthest north, and both having summit tunnels on the eastern | 7 ie 

a 

sever 

mi 4 
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aware that eve are two 


ote railroad over the n 


exe cepting at a fe Ww Z 


‘points, of the once famous * Portage Railroa2,” the public 


works of Pennsylv ania were sok and the ] R ailroad 
became the owner of all the ‘State 
Philadelphia and Pittsburgh. 


Th hat company s shortly after abi sndoned the use of the new State 


“road, took its exe cellent rails, and transferred them to the P 


io: # ort W ayne » and Chic ago line ; and thus ended the last vestige o of State 
railroad operations in Pennsylvania. I therefore literally attended 


birth of P emnsy Ivania State rai ronda, assisted them in their youth 
as wells as in their - mature a and witnessed their final obsequies ; 


Tn ‘inthe fi all of 1857, L was invited to visit Brazil toe e xumine the * Dom — 


edro | “Segunda Railway,’ ” for the purpose of offering proposals for its 


construe ion a the “Sierra, ” back of Rio Janei iro. ‘Saile d in 
“December of that and arrived there in January, 1858. In May, 


1858, in company with five other gentlemen n, all a the United States, ‘i 
‘losed the « contract in the ‘ity of Ric io Janeiro, with the ‘*Dom Pe 


Segunda Railw ay C ‘ompany, ” for onstruc tion of their road. 


_ That road, at that time, was regarded as s the most difficult and expen- 


sive railway of the period ; though si since then “more diffi Hieult and mor 


works have been projected and arried through in urope, an 


some with even bolder features — have been constructed on the Pacific 


Americ he ‘limit of grade and curvature 


the Dom I edro Segunda Railroad the s same as ul bee used on the 


Pennsylvania Railroad in crossing ig the . Allegheny Mountain above Al- 


toona, namely, ninet tv- -five fee et per mile on tange nts, and curv es of eight — 
degrees deflection p per d fest. This i limitation i in the cane of the 


P edro. ‘Segunda Railway with | the very rough topogri era] hy - of that 


_ = Railroad Company, to the effect that that company was then entertaining serious © 
‘thoughts of building an inclined plane railroad over the mountain, for their freight business ; 
under the impression that it would be cheaper to transport freight that way than by their 
graded road. It is of course a question for discussion. Our calculations at the time, asemet 
_ showed that the State could transport cheaper on the graded road having a maximum grade 2 
of 75 feet per mile than it could on the road with inclined planes. At that period the State 
and the railroad company stood in the attitude of rira/s for the great trade of the West pass 4 
ing over the Allegheny Mountain. There is, or should be, a ee of the sale of aa public — 


orks of the State ; ‘but it does no t pooperty 


— 

of this part of the Allegheny Mountains are 

after the completion of the new | oun- 
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region, involved a large amount of hei avy work, srunite e rock 


Gy 


rutting vg and v very high = ‘ 


residue shorter 


About dies year 64, being we advanced | on the eastern 


yuntain, and cor consider ably. forward on 


or Parahyba V Valley ate it became obvious that time ii money might 


‘be saved to all parties by the construc tion and use of a temporary th tracl 


. Tunel Grande, « or “ Big Tunnel,” ” as we Americans called it ; 
and the railw ay company miele to allow the sum of about $125,000 
“toward such wy road. It Was ac ‘cordingly constructed, 


mile, with curves of only 


gr grades of about 238 feet per ri 


30 feet radii. The summit of the mountain which had to be surmounted - 
was about 500 feet t above the grade of the railway aut Cini 


tal of the Big Tunn rel. The length of the tempo 


three of which were on the eastern, and two on western 


track was used more antwoy a amount of 


built by Baldwin & Co. 


Moguls, , and wei eighed 42 ions eac They turned the curves 
and usually took over a bag roage car, an e ight- Americ 


ree f four-whe ele 


‘though | the; hay run some faste r, had it desir: ail 


lute safe ty was de« emed an essential element in the n management of : 


many of whom in declaring that tl would never 


the Sierra th rough the Big T unnel 
ated 


ee may as: well be stat ry that although a chartered company inte 
vened between the contractors: ‘were building ‘the: ailway and the 


san and novel work among a people who were yet unaccustomed to rail- — 


Government of Brazil, the governt itself was the 1 real party. . The 
Government guaranty : of seven per cent. per annum intereat, nade the 
stock “worth several pe oy cent. above the. par of gold i in the Briti 


t, and it was well understood that on the “completion of the railway 


ie government would take po ssion and run it, which it did. 7 


a 

r nine miles of the mountain division, one of which, at the summit, was ; ee 

Seven thousand two hundred feet lone : another nearly half a mile, the 

y — 

ll 

‘| 

— 

im 
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terial, cluding the iron raus for the western side Of the main fine, Was 

ried over ; and much freieht especially coffee and manv passencers 

re daily transported ny 

7 im 

a 

ap: 

P 

iz 

im 


ne Emperor, “Dom Pedro whose n the railway 


the Big Tunnel ; period he hi 


Recen ently the pe the Dated States and of the coun- 


of is—intellige nt ‘studious, yet full of energy 


4 all improv vements cale valated to. ele wate the sti nding of the Brazilian 


During the progress of the railway works the E aaperor visited the 


life, quick to perceive, and kal ly ready in the comprehension 


several times person, riding, wherever it was pr: acticable, 


( nuleback, and walking where it was otherwise, in tun- 
, and critic tally inspecting every part, and asking very practical 


ithout the slightest. hesits ition he descende: d, in the ordi- 


, », the wet t shafts of the Tunel Grande, 340 fe et in de pth. When 
a the time came fc for Movies away the a remaining barrier of roe k— 


‘only - three or or four feet thickness of ¢ granite to open a continuous 


age through the main tunnel, the E anperor was there ; ; he- v alked up to 


y a: the ‘solid face, listened to the sound of a a hammer on the other side, saw 

drill- holes, v hich were loaded and partly loaded, and ther n, step- 

*4 ping bac! back a few hundred feet behind a safety barricade, awaited the 


which a few ‘minutes later took ‘pl we and the E mperor was the 


man to p Dass through the -— ace W hieh the blasting had made ; | : 


Ted ager of the western of the tunne the w w walked 


through the arily illuminated i tunnel t to the wi este m This 


the impe erial train cars ina augurated the final opening 
but it ser ved to show most strikingly the very practical « charac ter of the 


mperor. 


) 


ite mountain, v ‘it was highest, five feet the 
tunnel grade instes 


ud 


of being very solid, as it had been anticipated it 
would be in the line of the tunuel, consisted as very wet, partly decom- 


bears, 

4 
q 

ta = 

writer following Closely, accompanied him through to the other side, 

| a 

a the mountain was used for a considerable 
time after daylight first shone through the tunnel; for very much 

| 


gz posed granite, subjec t to heavy caving and sliding, and req 

amount stone arching and side walls. This de layed then 


ne nted the cost. entire ‘construc ction, including the sinkin, g 


of the four wor shine shafts, occupied about seven years. The ¢ ‘redit of 


nt of this difficult tunnel v work be longs chiefly to 


Jacob Humbird, now of Cumberland,  Maryls and. Mr. Humbird’ s earliest 
tunnel experie men, when he w as a ver y y oung man, w bees in connection Ww - 


Be ‘the first regular railroad tunnel i in 1 the United States, already referred to, 


in 18: 31, on the Allegheny Portage tailroad, as a foreman. “Afterward 
he had large experience upon tunnels on the B: sltimore and Ohio Rail- 


under Mr. B. H. Latrobe, 


On the - saltimore and Ohio Railroad, upon which Mr. Latrobe was 
so long its chief engineer, the experience in the 


| on tempora acks was mu re complete | than any 
th which I had connection, or than has occurred anywhere 


ae so far as I know, where freight and | passengers have been regularly 


ed by locom notiv cm Until it w as mentioned by a member at the 


last meeting TN was not aware that a of the gra ade 


ay 


tas 10 feet per hun elt or 528 feet per nig I ha pad been 


un 


er 
shere steam had been n used, was at Parr's Ridge, only about 


ie i impression that the heaviest grade on the Baltimore and Ohio 


per 


oad Gazelle of Dece 


™ all the partic w vith maps profiles the main Tine, both at 

Kingwood” and * Board Tree Tunnel.’ 


In may be pe ermitte ed to quote tor 


tidge, ” Mr. Latrobe wrote, to. 
‘Tunnel grades: 


“The oce asions referred to were not the first upon loco- 


motives had ascended steep it lines, for one of the little 8-ton” - grass- 


hopper engines of the Baltimore and Ohio Railroad has mounted and 
© descended the xe original grades of that road across Parr’s Ridge (one of. 


- * That tunnel was constructed under the immediate charge of Mr. S. W. Roberts, C. E., 
-prirtcipal assistant under Mr. Sylvester Welch, C. E., the Chief Engineer, It was 901 feet long : 
ible track through it. It was 2 feet ide. ae ny 


— 

— 

— 

- 

— 

— 

iii 

q e since seen a printed copy of Mr. Latrobe's admirable paper on _ OY ee 

idly sent me, and which was published in : 

| 

— 

: 


the old Sel rylkill | melined d near Philedelphie and 


 * doubt those experiments upon a ell scale encouraged those upon a 


-«* more extended one of which I have given the preceding account. e a 


‘The letter of Mr. Latrobe, just mentioner d, is the most interesting, 


comple te and sat! isfi ue presentation of exper ience on ste ep inclines 


a used by locomotives that I have ever seen. it should be read by every 
_ member of our Society who feels interested in n this p articular subject. — 


At Kingws ood Tunne Baltimore and Ohio Railroad, the t top 


J of the x ridge was 210 feet above le wel grade of roa oad at east e end c of f tannel. 


Temporary track on the east side reached summit in 3,400 feet. a Grade 
first 2,200 feet. not uniform-—steeper at first, then me moder rate, till 


ae 90 feet height | attained; average, 216 feet per mile. ~ Remaining: 1,200 


feet distance and 20 feet hei jit, 528 feet per m mile complete ted i ina curve 
180 degrees, w vith radins of 300 feet and 400 feet.” 
_ A grad e of 1 in 10 on a curve of only 300 feet Yi aiisien re quires g greater . 


- power to overcome gri iity and friction than one of 10) feet per 100 of 


7 The average ascent of the whole 3,400 feet, on the east side, was at 


% the rate of ine 6 feet per mile, _ but the test of the power of the locomotive 


2 length. of 1 in Ww on a adins of 300 and 


An engine of 28 tons 16,000 bs. ), te 34,000 


naterials at 30,000 Tbs, ; total 120,000 Ibs., or 60 tons of 2,000 bs 
taken up a of 528 feet per mile, through ae urve of 300 feot radius. 


The grade and curvature on the west slope were much lighter than on 


the: east slope ; ; failing 305 feet in 7,000 feet ; averaging 1 in 23, or about | 


‘* Mr. Latrobe states that the steep grade 
in 1852 ; and that afterward an improved t emporary li 


. 


the grade from 5 28 to 230 feet per mile. i 


At Bor ard Tree Tunnel,” Mr. Latrobe describes “temporary 


ee 
tr: ack, hen ing a a grade of 1 in 20, or 264 feet per m mile, ove ereoming 328 


feet ; with two switch 1 Dae ks on the east and five on the west side. 


um grade 6 feet p per 100, or 316,4, feet per mile, 4 


100, 211 feet 56,000 Ibs... 


— 
-—— *# which was 360 feet per mile, since superseded by one of 82 feet). An - 
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led cars 0 0 Tbs. ach ; total 000 tbs or 75 net 
he | pressed, another car could be adde d, and still another. 


Mr. Latrobe, in his able p paper, refers also. to : a ‘pamphlet published 


by late C ‘harles Ellet, C. E., in 1856, entitled Mov 


_ Since this this paper was read before the Society the profession of ¢ c ‘ivil 


engines has been called to mourn the death of Mr. ‘Latrobe. a4 oi 


Mr. L atrobe, very - shortly before his last illness, mentioned to the 


writer that he had promised ‘to prepar are artic ‘le embodyi ing ‘some of 


his early engineering experiences, | to be published in the “ Railroad - 
Gazette. ‘His death has therefore. deprived the profession of expe- 
: hich would oubtl ss have been inter esting and nd valus bl ai 
The are some of our older neer' yet living, who mig aight conten 
benefit. by” gi gather ring together and publishing for pres 
the g ex ce of their early da a 


of events but a few ye years can elapse ere all the 
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im 
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ng pioneers 
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ON INCLINED PLANES FOR R AILROADS. 


By O. Cuanvte and H. Pate. 


and the v very interesting reminiscences of « American echioremente 


in | railroad hoping which it has called forth from ym the members of the 


railway man: ugers the Ww over, that the fric tion: al adhesion of 


motive driving wheels upon the rail is suflic ient to. work almost an any 


Gradient likely to be found nex necessary in practice, and i is upon th the whole 


much the most ec onomical to to adopt. 


Other 1 r methods of tractio n, sue h as pneumatic tub es, ropes, wlehess 


abel upon a central rail, and racks and cog wheels have gradually 
been given up, as ineffectual and eee complications except 
pe rhaps for gradient s of 15 or 20 feet per hundred, a 


and at the Righi, where the latter method is in use. 4 We e 
that at Madison,* upon a gr ale of 6 feet is r hundred, fri ic tional traction | 


verseded the | ack and cog w wheel, and I believe that i in all cases 


ea the topography of the country compels ¢ the use of gradients of 
say 4 or 5 feet 1 iti hundred, the weight of the boile ad and w or king parts, — 


e and apply the re will be found 


fol. VII, page —(March, 


— 

a 

qa 
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| 4 q 

il 
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q necessary lo Kenera 

2 q cient to give the ne 

— 


‘es 

distribution of the weights the whe in America, 

especially, i in equalizing them by levers connecting the drivers with each | 


other, 80 as to keep the relative weights them constant, while 


allowing them to adjust themselves to the in inequalities oft the track. 


These equalizing site together with the centre- bearing truck un- 
der the front end of the en igine, constitute the leading features of f the 


American loc omotive, which is undoubtedly more nore effective for a given” 


weight than the type still adhered to by the Europeans. - = 
In the early days of railroads it was assumed that an adhesion of 


tor} of the weight the driving Ww heels was a perform 
ance. In France and » in England, at the present day, , the ordinary 


actice is to estimate for an adhesion of ¢ or 4, while our locomotives 


work up regularly to Lin summer and 4/5 in winter, of the weight on 


the drivers, with occasional perfor mances much in excess. 
The a 


pon ‘the 9th of April, 1875, the engine took 210 tons: (including its 
or 6.06 feet t per hundred, on : a iieaill 


own Ww weight), upa grade of 


at a speed of 6 miles per hour. The may, be 


estimated a: as follows : 
Gravity, ine aa 121.2 20 pounds per ton. 

Ww heel fric tion ge rally 
ric resist: ance e, 


Total resistance, » 


Traction 210+ tons. x 129 s=2 27 7090 pounds 


nearly one quarter 


4.1: 3 
nt es on the 1d Albany Railroad gave 


adhesion, remember rightly, of while on the 3d of July, 1877, the 


Mogul” loo ‘omotive ‘ * Oakland, started a stand still ‘on er ade 
“of 88 
‘wheeled cars, weighing 669,500 pounds, or 334.75 net tons, and with- ; 


ombined with a 2-degree curve, 45. empty eight- 


out sipping her drivers ‘took the train up and beyond the 
somethin e thi alf a mile, gaining ‘speed and steam as she 


7 


— 
This, in a measure, results from the improvements which modern 4 
q 
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as reported by “Mr. J. M. Goodwin, Engineer of the ‘Sha Sharps- — 


th 


ville and Oakland Railroad, in a letter recently | printed | by the builder _ 


a As the gradient is one of Lb 58 feet per 100, the resistance is estimated _ 


2degree curve at pound per °, 1. <a 


” 


went, 


she 


in. 834.7: Btoms, 
33. 50 
‘Tender, 15 15. 00 “ 

| “To otal, 25 tons x 40 ) pounds = 15,320 pounds. 


, ratio of adhesion. - 

Ke A performance | by no means to be regarded: as singular, as the new 


consolidation ” engines ‘upon the Erie Railway ay work ‘regularly up up toa 
¢ maximum traction of 19,! 500 pounds, as as ‘measured by the dynamometer 
dynamomete 


and hav e oceasionally indie ated 22,000 a and 24,000 pounds, with a weight 


upon their eight driv ring whe heels of 87,500 pounds. 


In this case the adhesion is * 500 49 


2 
6 pounds | per er ton, it may be well to iti how it is arrived at. — 


ti In 1854 the late Mr. Zerah Colburn made a number of careful experi- a 


ments on ie’ E rie Railway, Senne w hich he deduc ed the conclusions that a 


‘ the resistance from wheel friction | upon a straight line was 4} pounds” 


per ton, and on curvy es | pound per degr ee i in addition. 
‘The: train which he expe rimented with, however, was specially ‘pre- 
ared for the o occasion, and more per fect in lubrication and fitting g of 


Pp 
journal bearings than those met with in ordinary practice. We find find, by 


_ recent experiments with a dynamometer upon | ‘the Erie Railway, that the 


« 


wheel friction of « ordinary trains on a straight line is . generally Bt 
pounds per ton, but we call it 6 pounds to to be safe. We find also that nd 


a 
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q | 
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near as may be } pound per ton per 


7 ‘The atmosphe ric resistance varies, of come, with the square of the 


speed, or nearly | so, as it is ‘mainly ; composed of the end pressure, varying 


the square « of f the e speed, and the friction of the air rupon the sides of the 
train, whieh, i in of the ont tw een the ends of the cars it 


is difficult t. to estimate accurate ly. We found that with tw vo empty freight o 


at 30 miles an hour, the atmospheric resistance e was 700 pounds, and _ 


20 empty at the it was 900 pounds. the first in- 
“stance it was, therefore, 35 pounds } per er ton, and 4} pounds] per ton in 1 the 


second. - But if the cars had been loaded it would have been no o more in 
- the aggregate, and 7 ssed in terms of the tonnage, would have been | 


17} and 21] sounds ton respe pectiv ely. — 


As the end surface of a freight car is about 100 square feet, and the. 


¢ 


pressure due to a ae al 30 miles ar an hour is 4.43 pounds per square _ 


foot, it ; will thus be : seen that the ‘atmospheric e 


pounds, while the remaining 257 pounds in the first case, and a 
pounds i in the latter ane were due to the fric stion against the sides and 


the pressure e against the partly uncovered ends of the cars succeeding: that 
on the front end of the trains. For ordin: iry loaded trains, — consisting of 
25 to 40 loaded Ci ars, we usu: allow” from 2 pounds t to Per 


ton for or atmospheric resistance, ¢ at speeds * varying from 15 to 25 miles p per - 


‘the by one of the present, 2 as to what 


pre is required to work a railroad by gr: ravity, , I would answer, ‘that — 


if the wheel friction is correctly stated at 6 pounds per ton, the equiva * 


- lent angle of of repose would De 0. 30 per 100 feet, or 16 — per mile an a 
ght line. The curves adding a resists mce of a half pound per « degree, o 


would, if ruling al degrees, or 14 432 foot radius, add 2 pounds per ton 


to » that ona straight line, or 0.10 per 100 feet, thus making the angle of 

ose 2) 100 
repose 21.12 feet: per mile, while, when we take 
into acc count the atmospheric resistance at 25 or 30 miles per ] = 


7 the exper dienc *y of having a surplus pow er (to controlled 
a in order to start the cars promptly, and to get the trains out of the way 
of th of those following them, we find that in practice we need gradients £ 

about 40 fect j t per mile to work trains oly gravity, whic h cor orresponds t toa 

mee of 15.2 pounds per ton, or 0.76 P 
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—— _ The most extensive and best appointed of those w which I have seen 


-d in this manner are located on the 


at Solomon’s Gap, near ilkesbar re, Pa. 


‘niles, This short eut is 
‘The principal 


700 


0 


13 020 12.15 


was. —opere rated ith an ir vire rope | 


One rope | had hauled 7 7000 000 tons before it was wileka aside. TI he av erage 


speed was 6 miles } per hour. 


method here employed, as on most other planes, was was the 


alternating ‘system. _ After the train was hauled up, the cars were run 
back by reversing the engine. me. A smd, or pusher, ‘pe manently 


attached to the ra rope, which pushed the cars before it in ascending. —_ 


‘The a adv: antages ofa a circulating system over this method seemed very 
: “apparent, as then the rope would run 1 continuously i in one nie tion, the 


+ ascending on one track and the sana cars descending 


2e one thing required to make such a pli an pract moet ” we a 


; | ‘attachment by which the cars could be secured to the r rope in such aman 


_ ner as to allow them to ‘start slowly and gradually acquire the full speed : 


This I have heen able » to accomplish b by y the following device. (Ge 


i M 
operat Central Railroad of New 

DY Uikee Iciihes, & OF More than 1 000 feet is attained 

q 4 jvoiding a detour on the main line of 13° 

= ics of these planes are as follows: 

| LENGTH, RISE, | RISE, FALL, 104». 

—- | — 

i 

— 

‘i 

— 2 

“14 

4 

anothe 
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‘4 


— 
reel 
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vent. ) In : a sii attac hed under the front ead of a car are one or more 


“motion, T his cs the on ww to ‘star t, and its to accelerated 

proportion to the amount that the rollers are retarded in their revolutions. 
‘When the revolutions of the rollers are wholly Stopped the car will have 


ae quired the full speed of the 


R.—The moving rope. 
pp. —The grooved rollers. 


- 


L L. carrying rollers and pivoted on the frame at their 


.—Brakes ¢ operating against t the rollers. 


ae. © —Rod or capstan on which the chains are wound which move the 


; WwW hen the car is stationary, and the brakes free, , the rollers will be si 


~ volved by the moving rope ; but by applying th the br: akes, so as to retard 


‘the motion of the re rollers, the car w vill move forward at any any y desired speed 


a This ‘aystem ‘Sen is been alop on the Sutter Street Railroad in San 


= on rancisco, where it has been in suecessful “operation for more 


The srinte writes that nothing better could on dev ised. Tt 


the rope: ore utting the rollers, 


have collated the « characteristics of this 1 road, and also of the Clay 
‘Stree t Road, whic h latter is ran by brakes, engaging the rope directly 


without intervening sheaves. 


ina lar ange ‘tube ing a narrow alit the te sop, ‘through 


Z which ] passes the s stem which | carries the attachments. 


Sutte r street inc lines are are 5,315 feet 


“hundred. 


— 
a 
ERENCES, 
| 
tm | 
i speed of tho cable withow wearing 2 
| 
7; 
— teepest grade, 7.27 feet per 
itm “pest grade, 16 feet per hundred. 
a ‘of both these roads in Annales des 
— 


ses for Nove mber last. “ Photographs a are also at the ro 


This method of attaching cars moving seems of 


rider. application than an simply upon inclined planes, as there are 


other places where it w ould be desirable ‘to dispense with the locomotive, — 
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if possible, as on elevated railroads, on 1 bridges, ‘and in | tunnels 
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_DISTIBETIOS oF ING THE GRE STORM 
OF OCTOBER 3 AND D4, 1869, 

By James B. Francis, C. E., Member of the Socie ty. 
R tead at the Tenth Annual Convention, June 18th, 1878. 


In the ¢ 
a railwi ay and other mbank ankme and many other provision | has 
be for the maximum flow water. In smi all areas this depe nds, 
te a great extent, on the maximum rain-fall in a given time. Oo 
~=2 The proportion of the rain-fall that flows off during | a given til 


vi aries very much, depe nding on the e -xtent and characte of the ™ ater- 


_ ‘shed and other. circumstane es. a In each ¢ case the rious considerations 
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should be provided for. 


Insm small areas the fundamental ‘is, however, , the 


rain- -fall to which the locality is liable in a ‘giv ven time, » leaving the 


ience or the judgment of engineer. 
Asa contribution to the knowledge on this subject, 4 ave to the 


| este ty some facts and deductions from the same, rel: ating to a great 


rain that occurred in the eastern part of the United St: ates in October, 


“i _ The newspapers of me time contained accounts of the great floods 


th at resulted from this rain in various’ parts of the country, and put it : 


Being at the time much | interested i in the subject, I addressed a a circular 


to the meteorological observer rs for the Smithsonian Institution, in the 


sons: and institutions likely to have observed 


Eastern States, sand other pers 
the amount rain- r-fall, 


_ The following table has pally from the replies to 


7 To ascertain approximately the areas on which certain amounts of 


a she fell, I have prepared : a map of a large pw of the t of the region in which 
the rain- alla at certain points was sascertained, 


e “This m map ) has been compiled, mainly, from maps recently issued by 
the U Inited States Post Office Department. Several « ral of these m maps ar 


ona of six to the inch. These e put together, and 


the map thas been completed by ‘reducing those on a different scale to 


thes same se seale of six miles to | the inch. ©, 


In this n mi anner have obts vine a map on unusually large scale, 

embracing nearly the whole of the Ste tes and of 
E New York, New Jersey and Pe 


the following ‘table, a have pr roject ted on it or lines of 


equal rain- nae, represet nting the rain- during storm. reduced 


thi is paper. 
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stil observers are gres ‘multiplied, a ‘rot ough approxi- 


mation is all that can be attained in such an investigation. 


In projectin the lines it is assumed that the amount bid rain varies 


uniformly from one station to the. next. Ih some cases the. stations 


far r apart. _ Fortunately: for our purpose, however, where the rain- - 


fall was ; the greatest, the stations w ere not so distant from each other, 


‘a and the results may consequently be taken as nearer approximations. oa 


Accord ding to the observations, the fall of rain was: greatest at Canton, 
in Connec tic ut, about fifteen miles northw este rly of Hartford, where ‘the ri 


gauge indicated 12.35 inches. 
rge I. Case, the observer, : said in reply to. the cireular : | 
orge 1. 


35 inches, ‘but I do not it possibly have ‘been 


80 much. I think there was an unaccountable ‘mistake 
He appears to 

except the extraordinary Vv amount, as observations - 


other points in 1 the 1 vie inity, although indicating much leas r1 rain, are con- 


sistent with it fas a culminating point, I see no reason for discrediting — 


ai As will be seen by the preceding table of oe the storm ex- 
tended southerly to New J sylvanié , Maryland, ashington 


and nd Virginia, have, however, not to its course 


tematically, except in the New wE gh and States, and a small part of the 


State of New York, in Dutchess, Columbia, and Albany C ounties, a and 


Omitting the part of the State of New York and other St: not sys- 
te tematically mi mapped, it year’s m the’ isohyetal ul lines that the pean 


“shed on whie h six ethiay or more of rain ‘fel, is embrac ed in a single E« 
“closed curve, extending from Long lend “Sound to to the northeasterly 


> 
o of Maine ance of. about 384 miles, 
bout 63 miles. 
_ The area on whic h seven inches or more of rain 
within ty clos sed ¢ urves with an interv: ral betw 


“of Massae husetts, of about 30 miles. 


area on pn whieh eight inches or more ext 
in Con i , to ‘Be cket t, 


= 
17 It is obvious that t servati ected in Table I are quite » 
it 
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ell is embraced 
ends from Haddam, ‘a 


dth of about 21 


of The area on which ten inches or more fell extends from Kensington, 7 


in Connectic mut, to near ‘Tolland, assac a distance of about 


“The ¢ area on which. en en inches or ‘more is entire ly within the 


State of ‘Connect tieut with Canton for ite contzal the extreme 


‘Table Il ¢ gives areas of w cater. on W of net less 
‘certain de -pths fe’ fell during October 3d and 4th, 1869, ‘obtained by bw 


by seale from the map described 


-embr pr ced within n single ‘closed: curves, xee 
; described above. Tt will be understood that the area giv en for any rain- 


‘fall in inc dudes the entire area within its bounding curve, and, a 


- the me thod a dopted, t the ‘rain-fall on every 


“exceeds the amount 


given for ten inches, or ‘more, and tha again 179 square 
miles on whic hs the n rain- all was eleven inches, or more. 


a  Stri tly speaking, it is assumed that the rain-fall at the 


i 


forming the bounding curve the ‘amount stated, 
_ increases 


DEPTH OF 


RAIN, AREA OF WATER-SHED, 


6 inches or more 131 square miles. 
9,602 
O16 “ 


area on which nine inches or more fell extends from Middle- 
town, in Connecticut, to the neighborhood of Blandford, in Hampden 
ibout 50 miles, with an average 
a - 
part of the area equals or 
2 . rain-fall of nine inches, or more, given in 
isohyetalline 
— and that it 
it is one 
4 
 , 


cad a great ines equality at different times. 


ew eptin, out it of the whole rain-fall of 7.40 inches, 


in a tee hours o on > afternoon of the s second ay 


storm, and. undoubt 


f pour, and in some i wes even more. 


This inequality in » the 1 rate has a 


‘The long continued and heavy rain must have filled up t the ground 

and usual storage reservoirs, and, bal ing followed immediately by a fall o of 


24 ain which of itself would make a flood, , great part « of the latter in : 


oh hilly counts, 'y must have passed at once into the streams, and the flow in| 


the smi aller streams, for some period of time, must have been nearly that 
in 
“due to the r: ‘ate at which the 1 rain Wi as falling on on the water-shed supplying | 
them. In lar ger streams, supplied from correspondingly larger 


areas, wnth cau is spread over a longer time, and the 1 rate of flow 


4 
In Table T the fall of 
by some of the ol 
of the — 
| er localities there was a hke down- 
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GAUGING NG STRE AMS. 


By CLE EMENS Herse HEL, E, Member of the Society. 


Read at the: Tenth Annual Convention, June 18th, 1878. 


Tn the first place, as to the measure to be used. We e ah 
not very long ago in the Transac tions of the ‘Society on the “Fl loods of 


*See Vol. IV, page 297 , December, 1 


= : 
4 
= 
; 
a 
“hp, 
All IT shall have to'say upon the subject of the gauging of streams will 
_ be in the nature of two simple suggestions to the Committee, relative to_ - 
the form in which the records of the gauging of streams should be i 
4 4 
a 


Riv ers.” and, what to me seemed iemaeiae hat curious, the unit chosen was 
— cubic feet per minute per acre. ” Now, I think hy draulic writers of emi- are 


are pretty well agreed on one thing—that the unit of measure for — 


streams shoul be enbie feet per second, and not per minute. 


“And “ft are tole srably agreed also | that the acre is a rather amall ares by. 


whie to ‘Measure dra ainage are s, and that the s he square e mile is be tter. 


And, in t, the “ cubie minute per acre ”’ sounds, to my ears. 


very much like an importation from Great Britain, which is , responsible 


a great many very curious and inconvenient dimensions in engine¢ 
ing literature. 7 For one, I hope that ‘ ‘cubic feet per minute eal acre” 


will be be anished, and that feet per sec ‘ond per squi ire mile’ ill 


its place in all to be supplemented and eventually 


; - replaced by the e ubie meter per second per square kilometer, or the cubic 
decimeter, or liter, per sec aise per square kilometer, the latter being « one 
thousand times the former. Th: at is one point. 
‘The next. point é is how, after the quantities are reduced to cubic feet 


| per ‘second per square mile, to portray the flow of a river so that its 


_ pr ripeipal features may be arrived at in a a short time. eA Any one who- 

- has ever tried to testify about a river in court, will have noticed, I ven- 

ture to say, what an awkward thing is, sto describe i ina lucid 


months’ ‘the. summer six: winter months.” 


‘These begin sometimes in one month and sometimes: 


times , beginning with May, the six months follow ins are called the six dry 


months, and the rest of as wits is calle d the six wet months. 4 But, as > 


3 you will see from this | diagram (which I pr ropose to hax ad around, because 


it ¢ cannot be ‘seen from the blackboard), there is one diag? ‘am, of the 


a Merrimac ‘k river, which was constructed. aie the whole year, [and it is 


al aost Lae merely from testimony a cert: suit rel: to 
tried rece st the ¢ of Boston, the testimony was given 
ly concerning six ary months,’ ‘beginning with May, and yet 


thos thos 


whole y ear. 


a desire to accompany the statement just made with an ony anation.— 


‘The 


six months observatic ons that were given in testimo ny, I have ar- 
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ay 
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analogy w ith, the 


of the Merrimack 1 river, is correct 


the onnecticut river, M: ay, 1875 the wettest month in the 
shit months, and the othe 


to the e wette: month i in 1871, and ‘74. “Thee diagrams. very well 


ate that there no such thing as the six dr y months” and 
“the six wet months ” ° of a year, taking them i in calendar order. : There 


"e, in every ) year, six” dries st and» the six wettest months, but they 


come in no regular order Thi hat brings me to what T was 
rein 


that the pr proper way to arr ange | the months of the. vear 


hydraulic e engine ering is” to “arrange them, ‘not ly mes, and 
“not ‘by their division into seasons, but by this very oui: that we are 

investigatin thei ‘ir wetness and dry ness. Let us vall the dries: ‘month 


q 
aa : the ne ne ont | driest, he its name w 


aa e wettest will be number twelve. * In hat way we may get a singe 7 


whelehe w will convey a great deal of meanin the engineer. 


The lia vn for ‘different. drainage: 


“caused by the size of its arwina ar 


we 
ise 


in “the « other 


‘ cach year. 


s twelve the horizont al divisions, “one” being 
next driest, three” the next til welve’ 
t 


is the wettest mouth of the year. Then names of the months a 


aut 


» given 


t 
are 


ss and dry- 


s of the 
of flow of the west branch of ot ‘the Cc Croton river is drawn from as ata given in 


8 the tal upon that river, by Mr. J.J. BR. Croes, Transactions, Vol. IIL, 
4 p. 76, No. 87. The ‘iver diagr: s founded 1 upon data 


rived from exact gaugings of that river hy the » City of Boston, during 


nearly as I could, in the the whole 
g guided in this task mainly Connecticut q 
Fiver records. Some years the two rivers were almos exactly alike in 
= having such and such months oceupy the same places in the order of dry- . & 
ness or we for the 
On 
rhole 
a 
a 
going to say— 
« 
f 
A 
| 
ae er, taking it for a number of years, 
4 
wr square mile,” anc 
Each year oceupi 
a x a the driest. ‘*‘two 
q 
a 
* The Gret suggcstion of this method came to me from Mr. Jos. P. Davis, City Engineer 
9 


the four or fi e year 


>. Davis, City Engineer, and Mr. te she his P rine neipal Assistant, in 
1 


of the Additions Si upply. The Concord river « diagram i is drawn 


from date furnished by accurate gangings for part of the time, and = -_ 
controlled by the for the rest. r river 


& has sO ‘many law-s -suits in Massac husetts, that a great deal 


% reliable information has been gathered with reg: gard t to it. In (1876 it was © 
gauged every half hour, night and day, for 90 degn, by a party of 0m 


men, under my charge. Mr. J. P. Frizell, Civil E Enginee late of Bos 
ton, has also given es some ¢ Pei of his own w with regard to. it. er 


~The next di: agram, that of the Merrimack 1 river, at Lawrence, is the one 


that has already been alluded to as being based on data for only 
months in each of the years gre ne ‘The t figures used were tes 


“2 


by Mr. H. F. Mills, « of the Essex Company, as being | reliable within four 


ay y be either too mue sh « or too little by — 


report of our me Gen. “Theo o. G. Ellis, made to Gen. 


age area of the 


S.A. f 


measured on a mi as couk tind of the te wvitory. I 


think the result, is” ‘equi qually “th: g given concerning the 


Of course, it would be somewhat pre mature - dr: aw cone ‘Iusions from 


ion of these tive “diagrams only, _ The » proper er time to do th 


w ould be atte r these tive rivers, and many more, had been observed ane a 


great ‘pamber of years, all these results dir wgrams. 


certain general conclusions may be Sta ated “now now, subject to 1 modifi- 
example, the greater range, 
ach side of a centre ies al | the ¢ ‘urves, drawn i in shaded lines, whieh 


“envelope” the 1 ulti of Croton, or of a a small 


peci ic ecifte dischar rge, th: at is a ter m, ‘during the ‘drie st months of 
wh year of the rivers, with a large water lin ‘ as e compared with those 


— 

to q 

— 

that amount ; on the average they must be hearly correct, 
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of im 
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an mspect 1s q 

iim 

ima 

; in the diagrams of the other rivers, supplied by larger drainage areas. bis _— ae 
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4 ha aving only a one. In ‘there s seems to he. a regular law about 
it, the speci’ fic discharge » during the minimum months being proportional 


rainage area. It is never below } cubic foot per second per i 


1 lar; hentia while it runs down to less than 0.1 in the 

and ree kon 


ing for a period of minimum discharge 

ring six W orking « days only, the contrast is still more glaring. . These © 


quantities : are ‘indicated on | the diagrams by a circle under the vi alue for 


e driest month. assing to. extremes, it will be eviden certai 


brooks have a minimum discharge, specific or wise. week, 


4 equal to 0, while e the Merrimack or Connecticut can never fall below 


— eubie foot p cond p pe yer square | mile during the same e length o 


consideration of some importance, frequently, in estimating the 
streams div erted, 


2 9 One of the uses to whieh a a diagram of the kind presented | «l may be put, | 


in estimating the size of the water-wheels it w ill | pay, commereially, to 


7 ‘set and to run for any on any giv en stream. ty will not 


», to put in wheels that can be run to their full ea capac ity in 
and 2th we ttest month, in the 1th and 1 2th only, and 


year. some -situatic it to to use ‘more of the 


" fre eshet water than it ean in others ; ; as for instance, when a cotton or 
woolen mill, which demands a ‘pouty supply of powet 


with | other works which 1 may be run with intermissions, such asa 


mill for dye- stuffs, or @ saw- -mill, a ‘grist- with a 


om mging aaa by calendar months, my ny experienc e is, that not so muc h as a 


of common prc ecan be ‘made to p pe enetrate the clouds thus formed 


. 7 he table below and the diagrams will need no further 


4 
q 
— 
a 
il time : 
_ 
_ -_enlations for the place under examination and can come to some sort of 4 


West Branch, at Framingham, at Lowell, at Lawrence. at Hartford, 
| | 20%; Sq. M., | 76.3 Sq. M., 352 Sq. M., 4136 Sq.M., 10234 Sq. M., 
8 yrs. opened dl yrs. observa. 2 yrs. 7 mos. May to Oct., in- 4 yrs. observa- 
tions, tions. observations. | ‘clusive. tions, 
1870-71-72, June, 74-75-76.) 1871-2-3-4-5-6. 7 


».68 +9. 0. 67 


1.1040.80 | 0.6440.30 | 0.544+0.16 1.11 .0.36 1.01 40.29 


1.4541.00 | 0.8340.33 |. 0.6740. 0.19 1.34 40.46 “1.2 1.21 40.39 


0.85 +£0.25 -59 .0.59 | 1.48 ,0.52 


7) 2.3041.40 1.3640.42 1.10 40.35 1.88 40.73 1.76 .0.64 


35 40.40 | 2.20 40.85 2. 09 


-65 2.68 40.93 | 2.51 .0.87 


2.75 40.80 | 2.10 ,0.60 | 3.30 41.05 | 3.08 


8.801.353 2.65 40.75 | 4.10 41.25 4.0051.10 


6.6541.35 £1.85 | 6.0041 50 | 4.3041.10 | 5.80 41.00 | 5.85 51.05 


known. Meh. 26, 18 “May, 1854, 


Since the she paper wa s written, the U.S. Corps of Engineers have 


published the gaugings of the Connectic ut river for 1875, 76, and as i 
I Thave cale sulated the corresponding discharges i in eubic feet per second, | 


in cubic feet p per second per mile of drainage area ; and 
rranged the months of each year in their or adder of amount discharge 
, as it has be en calle ad in evens order of dryn ness. if the di ste for these 
three ye: years s be plotted « on on the diagram, it will be seen that they fit very very . 
into the limits marked out from the data of the years 1871 to "74, which — 


lone were available when the diagram w as made. 


— 

j 

month 1 | 2940.21 | 0.204+0.10 0.364+0.12 40.09 

3.5041 

4 
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oF DRAINAGE Area 
|) 
Cubic feet per 
Montu. second per I 
“square mile. | 3 per ‘cond. 


Cubic feet 
second per 


feet 
"| are mile. 


per second. 


March 18 307 


6321 


Low Est 6 ORKING | Da AYS. 


. Jan. 1-6 


“Maren. 

58 065 


62020 


— 
Sept........ 6739 0.66 | 2 jSept........) 6979 0.68 q 


